Abstract This experiment examined how the characteristics of homophones and their mates influence homophone effects, as a function of task demands. Two types of homophones were presented: 1) low-frequency homophones with higher-frequency mates that are not animal names (e.g., maid -made), and 2) low-frequency homophones with mates that are, on average, of equivalent frequency and are animal names (e.g., foul -fowl). We observed a double dissociation: In the lexical decision task (LDT), there was a homophone effect for the first type of homophones but not for the second, whereas in the semantic categorization task (SCT) the opposite was true. These results suggest that in these tasks the effects of homophony arise when the homophone's mate creates competition in terms of the type of processing emphasized in the task, namely, orthographic processing in the LDT and semantic processing in the SCT.
Language researchers agree that visual word recognition involves orthographic, phonological, and semantic processing, along with complex interactions among these different types of processing. To better understand these interactions, researchers measure how the effects of a variable change in different tasks, such as lexical decision (LDT), semantic categorization (SCT), and naming (NT). The purpose of the present experiment was to shed more light on these interactions by evaluating the effects of homophony in different tasks.
Many studies have used homophones to examine interactions between phonological, orthographic, and semantic processing. Homophones are words like maid and made, for which one phonological representation corresponds to more than one spelling and more than one meaning. A number of researchers have reported that in the LDT responses are slower and/or more errorprone for homophones than for nonhomophonic control words (e.g., mess) (Edwards, Pexman, & Hudson, 2004; Ferrand & Grainger, 2003; Pexman, Lupker, & Jared, 2001; Pexman, Lupker, & Reggin, 2002; Rubenstein, Lewis, & Rubenstein, 1971) . This result has generally been taken as evidence for phonological feedback to orthography. That is, when a homophone is presented, there is an initial activation of the word's orthographic representation followed by parallel activation of the word's phonological and semantic representations. There is then feedback activation from phonology to orthography (and from semantics to orthography). Because, for homophones, one pronunciation corresponds to multiple spellings, the feedback activation from phonology will provide activation to orthographic representations for both homophone spellings. This feedback delays responding to homophones relative to nonhomophonic control words, because with multiple orthographic representations activated additional time is necessary for the competition among those representations to be resolved. Evidence that homophone effects in LDT arise from orthographic competition and not from semantic competition comes from research showing that in the LDT responding is slowed for homophones like maid (compared to nonhomophones like mess) but is facilitated for polysemous words like bank (compared to nonpolysemous words like lake) (Borowsky & Masson, 1996; Pexman & Lupker, 1999) .
Homophone effects have also been reported with the SCT. When the task is to indicate whether an item belongs to the category "living thing," several studies have reported that responses are slower and/or more error-prone for homophones (e.g., foul) than for nonhomophonic control words (e.g., foil) (V. Coltheart, Patterson, & Leahy, 1994; Jared & Seidenberg, 1991; Van Orden, 1987) . These results have been taken as evidence that meaning activation is phonologically mediated. That is, in activating the meaning of foul, participants process the phonology of the word, which leads to activation of the meanings of both foul and fowl. Responding is then delayed while competition between meanings is resolved. This competition could arise because of feedforward activation from orthography to phonology to semantics, or because of feedback activation from phonology to orthography and then to semantics (Taft & van Graan, 1998) .
Although the LDT and the SCT are assumed to tap into a common word recognition system, a number of researchers have claimed that readers can emphasize one type of processing as a function of task demands (e.g., Balota, Paul, & Spieler, 1999; Hino, Lupker, & Pexman, 2002; Pexman et al., 2002) . For the purposes of the present experiment, it is assumed that participants base their responses on orthographic processing in the LDT and on semantic processing in the SCT. Given these assumptions, different types of homophones might be expected to produce different effects in the LDT and in the SCT. The purpose of the present experiment was to test this hypothesis.
In previous studies using homophones, limited consideration has been given to whether the characteristics of the homophone and its mate are relevant to the homophone effect. It is clear that the printed frequency of the homophone and its mate are important in the LDT because homophone effects are largest when the homophone is a low-frequency word (e.g., maid) and its mate is a higher-frequency word (e.g., made). Most researchers explain this effect as being due to the higher-frequency mate being a stronger orthographic competitor (e.g., Pexman et al., 2001) . However, in previous SCT experiments using homophones, the homophones have tended to have mates of similar frequency (e.g., wail -whale). In addition, as Siakaluk, Pexman, Sears, and Owen (2007) pointed out, the homophones presented in SCT experiments have always had mates that create response competition for the decision category (e.g., foul -fowl for the category "living thing"; e.g., Jared & Seidenberg, 1991) . Siakaluk et al. (2007) showed that when the homophones have mates that do not create response competition (e.g., maid for the category "animal"), a homophone effect is not observed. That is, homophony per se does not give rise to an interference effect in the SCT; interference effects are observed only when homophony leads to response competition (see also Hino, Pexman, & Lupker, 2006; Pexman, Hino, & Lupker, 2004) .
In the present experiment, we investigated how homophone type influences homophone effects as a function of task demands. First, two sets of homophones were selected. One set consisted of low-frequency homophones with mates that are higher in frequency and are not animal names (e.g., maid -made), hereafter referred to as "nonanimal mate homophones." The other set consisted of low-frequency homophones with mates that are, on average, of equivalent frequency and are animal names (e.g., foul -fowl), hereafter referred to as "animal mate homophones." Second, two different tasks were used, each emphasizing a different type of processing: orthographic processing in the LDT and semantic processing in the SCT. For the LDT, we chose to use pseudohomophones as foils to increase the emphasis on orthographic processing in this task. Pseudohomophones are nonwords that sound like words when pronounced (e.g., brane). Participants must rely on orthography to reject pseudohomophones in a LDT because only orthographic information reliably distinguishes words from pseudohomophones, and so, when pseudohomophones are used participants tend to engage in more extensive orthographic processing (Pexman & Lupker, 1999; Stone & Van Orden, 1993 ). In addition, previous studies have shown that homophone effects in the LDT are larger when pseudohomophones are used than when regular nonwords are used (Pexman et al., 2001; Pexman et al., 2002) . For these reasons, a substantial homophone effect is predicted for the nonanimal mate homophones in the LDT. As noted, this would be due to the competition elicited, because of phonological feedback, between the homophones' orthographic representations and those of their higher-frequency mates. For the animal mate homophones, on the other hand, orthographic competition should be minimal, because the orthographic representations of their mates are of equivalent frequency. As such, the homophone effect for the animal mate homophones is predicted to be small or nonexistent.
For the SCT, the predictions are just the opposite -a homophone effect is predicted for animal mate homophones but not for nonanimal mate homophones. As noted, this is because the animal mate homophones will create semantic response competition, as the homophones are consistent with a "no" response, whereas their (animal) mates are consistent with a "yes" response. For the nonanimal mate homophones, semantic response competition should be of no consequence because both the homophones and their mates are consistent with a "no" response. Thus, across the two tasks a double dissociation is predicted for the effects of the two different types of homophones.
Method

Participants
Two groups of 25 undergraduate students from the University of Northern British Columbia participated in the experiment for bonus course credit: One group participated in the LDT and the other group participated in the SCT. All were native English speakers and reported normal or corrected-to-normal vision.
Apparatus and Stimuli
The apparatus and stimuli for the LDT and the SCT were identical except where noted. The critical stimuli in both tasks consisted of two types of homophones: Nonanimal mate homophones (maid -made), and animal mate homophones (foul -fowl). Descriptive statistics for these stimuli are presented in Table 1 . The 17 nonanimal mate homophone and control word pairs were those used by Siakaluk et al. (2007) and were matched for animalness ratings, initial letter, length, printed frequency, subjective familiarity, orthographic neighborhood size, and number of meanings and number of senses (all ps > .20). The 11 animal mate homophone and control word pairs were rated for animalness by a separate group of 24 undergraduate students. The animal mate homophone and control word pairs were matched for the same variables (all ps > .45), with the exception of animalness ratings. As intended, the animalness ratings were higher for animal mate homophones than for their control words, t(20) = 4.23, p < .001, η 2 = .47. The stimulus set also included 56 pseudohomophones (presented in the LDT) and 56 animal names (presented in the SCT) that were matched to the experimental items on length. The experimental stimuli are listed in Appendix A and the foil stimuli are listed in Appendix B.
Procedure
Stimuli were presented on a colour VGA monitor driven by a Pentium-class microcomputer running DirectRT software (http://www.empirisoft.com/ DirectRT.aspx). A trial was initiated by a fixation marker that appeared at the centre of the computer display. The fixation marker was presented for 1,000 ms and was then replaced by a stimulus item. Participants responded by pressing the "?" key on the computer keyboard to the experimental items, and by pressing the "z" key to the pseudohomophone items (LDT) or to the animal name items (SCT). They were instructed to respond as quickly and as accurately as possible. For the SCT, participants were told that the animal name items may include mammals, fish, reptiles, birds, amphibians, and insects, but excluded humans or other living things (e.g., grass). Response latencies were measured to the nearest millisecond. The order in which the stimuli were presented was randomized separately for each participant. The intertrial interval was 2,000 ms. Each participant first completed 16 practice trials, consisting of 4 homophones, 4 control words, and either 8 pseudohomophones (LDT) or 8 animal names (SCT).
Results
Response latencies less than 250 ms or more than 2,000 ms were not included in the analyses (4.1% of trials in the LDT; 1.9% of trials in the SCT). The mean response latencies of correct responses and the mean error percentages for the experimental words, pseudohomophones, and animal names are shown in Table 2 . Unless noted, all effects are statistically significant at p < .05.
The response latencies and errors were submitted to a 2 (Homophony: homophone, control) × 2 (Homophone Type: nonanimal mate, animal mate) × 2 (Task: LDT, SCT) mixed-model analysis of variance (ANOVA). In the subject analysis (F 1 ), homophony and ---------------------------------------------------------------------------------------------------------------------------------------------------- Note. Freq = printed word frequency; SubFam = subjective familiarity; AnRate = animalness rating; N = orthographic neighbourhood size; NumM = number of meanings; NumS = number of senses; HM = homophone mate.
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homophone type were within-subject variables and task was a between-subjects variable; in the item analysis (F 2 ), homophony and homophone type were between-item variables and task was a within-item variable.
In the analysis of response latency data, there was an effect of homophony, F 1 (1, 48) = 40.07, η 2 = .46; F 2 (1, 52) = 7.99, η 2 = .13, a two-way interaction between homophony and homophone type in the subject analysis, F 1 (1, 48) = 4.02, η 2 = .08, p = .05; F 2 < 1, and a three-way interaction between homophony, homophone type, and task, F 1 (1, 48) = 18.27, η 2 = .28; F 2 (1, 52) = 6.59, η 2 = .11. Planned comparisons indicated that the predicted double dissociation was present. Specifically, in the LDT there was an effect of homophony for the nonanimal mate homophones, t 1 (24) = 3.88, η 2 = .38; t 2 (32) = 2.03, η 2 = .11, p = .05, but no effect of homophony for the animal mate homophones, t 1 (24) = 1.65, η 2 = .10, p = .11; t 2 < 1. Conversely, in the SCT there was an effect of homophony for the animal mate homophones, t 1 (24) = 6.15, η 2 = .61; t 2 (20) = 3.34, η 2 = .36, but not for the nonanimal mate homophones, t 1 (24) = 1.08, η 2 = .05, p = .29; t 2 < 1. The error data were consistent with the response latency data. There was an effect of homophony, F 1 (1, 48) = 31.80, η 2 = .40; F 2 (1, 52) = 7.71, η 2 = .13, and an effect of task that was significant in the subject analysis, F 1 (1, 48) = 4.32, η 2 = .08; F 2 (1, 52) = 1.99, η 2 = .04, p = .17. In the subject analysis, there were also interactions between homophony and homophone type, F 1 (1, 48) = 4.92, η 2 = .09; F 2 < 1, homophone type and task, F 1 (1, 48) = 9.05, η 2 = .16; F 2 (1, 52) = 1.33, η 2 = .02, p = .25, and a three-way interaction between homophony, homophone type, and task, F 1 (1, 48) = 13.69, η 2 = .22; F 2 (1, 52) = 2.39, η 2 = .04, p = .13. The three-way interaction mirrored the three-way interaction observed in the response latency analysis. That is, in the LDT, there was an effect of homophony in the subject analysis for the nonanimal mate homophones, t 1 (24) = 2.87, η 2 = .26; t 2 (32) = 1.24, η 2 = .04, p = .22, but not for the ani- Homophone effect 38 128 Discussion In this experiment we examined the processing of two different types of homophones. In the LDT, there were homophone interference effects for homophones with higher-frequency nonanimal mates (e.g., maid) but not for homophones with animal mates of equivalent frequency (e.g., foul). In contrast, in the SCT, there were homophone interference effects for homophones with animal name mates of equivalent frequency (e.g., foul), but not for homophones with higher-frequency nonanimal mates (e.g., maid). These results lend support to the notion that readers can emphasize different types of processing in these two tasks: Orthographic processing in the LDT and semantic processing in the SCT. The effects of homophony in these tasks arise when the homophone's mate creates competition in terms of the type of processing emphasized in the task.
Considering the results from the LDT, the finding that competition for homophones was generated only when there was activation of a higher-frequency homophone spelling is consistent with models that incorporate feedback activation from phonology to orthography (Pexman et al., 2001 ). According to these models, orthographic competition that leads to inhibitory homophone effects arises when the homophone mate's orthographic representation is of higher-frequency than the homophone's orthographic representation. This is because the higher-frequency spelling is easily activated via feedback and is therefore a strong orthographic competitor for the lower-frequency spelling. These inhibitory effects of higher-frequency mates tend to be largest in LDTs with pseudohomophone foils, and so our expectation is that these effects would be smaller with nonword or consonant string foils, as was observed by Edwards et al. (2004) and Borowsky and Masson (1996) , respectively.
The theoretically important result from the SCT was that competition for homophones was generated only when there was activation of a meaning that required a different response than the target homophone. That is, semantic competition per se does not necessarily slow responding in the SCT (Hino et al., 2005; Pexman et al., 2004) . Evidently, activation of multiple meanings will slow responding in the SCT only when those meanings require different responses.
We should note that the absence of an inhibitory homophone effect for the homophones with higher-frequency nonanimal mates in the SCT is not consistent with "form-first" models of visual word recognition (e.g., Forster, 1999; Paap, Newsome, McDonald, & Schvaneveldt, 1982) . These models assume that semantic activation can occur only after orthographic resolution is achieved. Instead, our results are consistent with models that assume that semantic activation can occur prior to orthographic resolution (e.g., M. Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Plaut, McClelland, Seidenberg, & Patterson, 1996) . This would explain why we found that SCT responses were affected by semantic response competition but not by orthographic response competition.
In conclusion, consistent with the results of other researchers (e.g., V. Coltheart et al., 1994; Edwards et al., 2004; Jared & Seidenberg, 1991; Pexman et al. 2001; Van Orden, 1987) , our results indicate that phonology plays a role in both the LDT and the SCT. Our results advance previous research by showing that unequivocal evidence for phonological activation will be observed only if the stimuli are selected with consideration to the way in which the stimulus characteristics interact with task demands, as predicted by models of word recognition that incorporate feedback activation between orthography, phonology, and semantics.
